Objective: to analyze the prevalence and factors associated with acute kidney injury in preterm newborns. Method: a cross-sectional study based on records data of preterm newborns hospitalized in two neonatal units in northwest Paraná State in 2015. For data analysis, the logistic regression model was used by the stepwise forward method and Fisher's Exact Test. Results: 132 preterm newborns, with a prevalence of 7.5% of acute kidney injury, were hospitalized. Majority of males, extremely preterm and very low birth weight. Associated factors were the use of non-nephrotoxic antibiotics and the presence of mechanical pulmonary ventilation, increasing the chance of developing acute kidney damage by 2.98 and 1.33/day, respectively. Hospitalization days constituted a protection factor. Conclusion: this study was able to identify the prevalence, and outline the variables associated with acute kidney injury in preterm newborns in a particular care situation.
INTRODUCTION
About 15 million infants are born preterm every year, representing more than one in ten births. Prematurity and its complications generate health problems, both short-term and long-term, constituting an important predictor of neonatal morbidity and mortality (1) (2) . Preterm birth increases the risk of adaptation to extrauterine life, which can lead to a number of complications after birth, such as changes in neurological development, motor, cognitive alterations, language delay, behavioral and social problems, poor school performance (3) , as well as readmissions during the first year of life and higher morbidity and mortality rates (4) .
Among the complications of preterm birth, there is the Acute Kidney Injury (AKI) enhanced by anatomic-physiological immaturity of the preterm kidney. AKI is defined as the decrease in renal function that incapacitates the kidney to maintain its endocrine and exocrine activities, as well as the elimination of compounds discarded by filtration. Thus, the functions of urinary production and concentration, homeostasis of body fluids, maintenance of the basic acid balance of the organism and associated with an acute decrease in the glomerular filtration rate and renal tubular function. In newborns (NB), the condition is characterized laboratorially by the progressive and reversible increase in serum creatinine levels (5) (6) (7) (8) (9) .
AKI is a multifactorial pathology of origin, whose origin in preterm newborns (PTNB) is related to numerous risk factors, including low birth weight (<2,500 g) (10) , low Apgar score, intubation at birth, respiratory distress syndrome, cardiac congestion, congenital anomalies (11) , administration of certain medicines (12) , persistent ductus arteriosus, neonatal sepsis, shock (7) , hyperbilirubinemia (13) , surgical interventions (14) , renal anomalies, among others (9) .
Studies show that AKI develops in approximately 8 to 24% of all infants admitted to the Neonatal Intensive Care Unit (NICU), and mortality rates can reach between 14 and 73% of cases (10) (11) 13) .
Considering AKI characteristics in NB, its prevention consists in avoiding measures that may potentiate its appearance, and special attention should be paid to the numerous medications used by PTNB, avoiding dehydration conditions and optimizing the patient's favorable clinical conditions (10) . Its treatment is based on nutritional support, medication administration minimizing risk factors whenever possible, and aiming to reestablish renal function and understanding the need for measurements of creatinine and urinary volume (15) .
In this setting, knowing the factors related to the occurrence of AKI in preterm infants is important to improve the understanding about this pathology and its implications, thus reducing the clinical repercussions that may affect the survival and quality of life of PTNB.
OBJECTIVE
To analyze the prevalence and factors associated with the development of AKI in NBTP.
METHOD

Ethical aspects
This research respected all the ethical precepts of Resolution 466/12 of the Brazilian Health Board (Conselho Nacional de Saúde), which deals with research involving human beings, having ethical approval of the project, according to Opinion 1,453,690/2016. Because it was a documentary research, it was requested and authorized the exemption of the Free and Informed Consent Term (FICT).
Design, place of study and period
This is a quantitative, cross-sectional and retrospective study based on the data obtained from PTNB records hospitalized in two Intensive Care Units located in the Northwest region of Paraná State, from January 1 to December 31, 2015. Data collection took place in the first half of 2016. In the region, there are three reference NICUs for assistance to the sick and/or preterm neonate, but one did not accept to participate in the research.
Hospital A is a public and educational institution with 123 beds, regional reference for various specialties. The NICU of this hospital was inaugurated in 1998, currently has six beds of Neonatal Intensive Care and four of Semi-Intensive Unit. Hospital B is a philanthropic entity with 180 beds, and the Neonatal/Pediatric UTI of this service currently has 12 beds to care for infants and children up to 12 years old.
Population and eligibility criteria
The PTNB' that met the following eligibility criteria were analyzed: preterm (gestational age less than 37 weeks) and hospitalized in the Intensive Care Units studied in the year 2015. There were no exclusion criteria, since all PTNB below 37 weeks had the data from their charts analyzed for the research purposes.
Study protocol
To investigate the AKI outcome/dependent variable, the existence or absence of AKI during hospitalization was considered. The independent variables regarding birth history and PTNB evolution during hospitalization were: gender (female and male), type of delivery (vaginal and cesarean), maternal age, number of prenatal consultations, gestational age (preterm infants <28 weeks, very preterm -28 to <32 weeks; moderate to late preterm -32 to <37 weeks), birth weight (<1,500 grams, 1,500 to <2,500 grams, ≥ 2,500 grams), Apgar at the fifth minute (<7 and ≥7), performing a resuscitation maneuver at the reception at birth (recording of any maneuvers performed at birth -yes and no), days in use of mechanical pulmonary ventilation (MPV), days in supplemental oxygen use, days in use with umbilical catheter, days in use of Peripherally Inserted Central Catheter (PICC), use of antibiotic (yes and no) and for how long was used, time of hospitalization in days, Gestationally Corrected Age (GCA) (GCA record on discharge) and high weight (final weight record, acquired during hospitalization).
The data collected from the medical records were recorded in a specific tool prepared by the authors, specifically for the study. In order to maintain the organization of the data, they were transferred to Microsoft Excel version 2013 worksheet.
Analysis of results, and statistics
For the data analysis, the multiple binary logistic regression model was used. The stepwise forward method (univariate analysis, Associated factors for acute kidney injury in preterm infants Felipin LCS, Oliveira RR, Merino MFGL, Rodrigues BC, Higarashi IH. model comparison and diagnostic analysis) was used (16) by means of the SAS and R software, in order to obtain the adjusted odds ratios (adjOR), with a 95% confidence interval. For the categorical variables, Fisher's Exact Test was performed, since the observed frequencies were less than five.
RESULTS
Data from the PTNB admitted to the NICU of the two hospitals studied in 2015 (132 preterm infants) were analyzed. In hospital A, 106 newborns were hospitalized, 72 of which were PTNB (54.5%). In hospital B, 168 patients (NB and infants) were hospitalized, 60 of whom were PTNB (45.4%). In this study, 10 preterm infants presented AKI, representing a prevalence of 7.5%, equivalent to 5.3% of PTNB with AKI in hospital A and 2.2% of NTP with AKI in hospital B.
Regarding the characteristics of PTNB, 58.3% were male, 60.6% were moderate/late prematurity, followed by very preterm (22.0%) and extreme preterm NB (13.6%), and 6.8% presented Apgar below 7 in the fifth minute of life. Among the infants with AKI, 70% were male, 90% were classified as underweight and 20% presented Apgar less than 7 in the fifth minute of life (Table 1) .
Regarding the descriptive measures of the quantitative variables, infants diagnosed with AKI were hospitalized for an average of 47.6 days, with a coefficient of variation of 93.0%. On the other hand, the infants without the disease had an average of 26.39 days of hospitalization. Regarding birth weight, the mean weight of infants with AKI was 1,394.5 grams, while among infants without AKI, it was 1,846.8 grams ( Table 2) .
Regarding the characteristics of the pregnant woman, the mothers who had AKI infants had a mean age of 21.7 years, while the mothers of the infants without the disease had a mean age of 25.6 years. The mean number of prenatal follow-up consultations performed by PTNB mothers with AKI was only 4.6 visits, while PTNB mothers without the condition had an average of 6.9 prenatal consultations. Note: AKI -Acute Kidney Injury; *Gestational age was not numerically described, but it was recorded that the newborns was preterm newborns. In this study, it was possible to verify that the great majority of PTNB patients (70.4%) used antibiotics during hospitalization. Regarding the PTNB with AKI, all of them used antibiotics. The minimum use was of one type of antibiotic per infant, and the maximum was found of eight different antibiotics used by the same preterm infant. Virtually all PTNB with AKI (90%) used nephrotoxic antibiotics ( Table 2) .
The use of medication was analyzed separately, classifying the antibiotics as nephrotoxic and non-nephrotoxic. The most commonly used nephrotoxic antibiotics among PTNB were gentamicin (aminoglycoside), amikacin (aminoglycoside), cefepime (cephalosporin), and vancomycin (glycopeptide). The other antimicrobials used by PTNB were penicillin, aztreonan, oxacillin, meropenen, tazocin, ampicillin, linezolid, teicoplanin, metronidazole, fluconazole and micafungin (data not shown in table).
In the present study, it was verified that, during the year 2015, there were 18 deaths (13.6%) among the 132 PTNB surveyed. Of these deaths, three (16.6%) had AKI as the cause of death, as well as pulmonary hemorrhage and multiple organ failure (data not shown in the table).
After the independent variables were performed, Fisher's Exact Test was used to calculate the probability of association of the characteristics under analysis. In the univariate analysis, AKI, gestational age, birth weight, MPV, oxygen use, PICC, days of hospitalization, nephrotoxic antibiotics and non-nephrotoxic antibiotics were associated. In addition, the umbilical catheter and maternal age variables were also included in the multiple model, since they presented p value less than 0.25.
After logistic regression analysis, significant independent factors associated with the development of AKI in PTNB were: use of nonnephrotoxic antibiotics (adjOR=2.98; CI=1.2901-6.9005), that is, an additional amount of non-nephrotoxic antibiotic increases by 2.98 the chance that the infant will have AKI; presence of MPV (adjOR=1.32; CI=1.0787-1.6317), showing that with each additional day of use of MPV, there is an increase of 1.33 chance of having AKI. On the other hand, the days of hospital stay constituted a protection factor, demonstrating that the addition of a day of stay or hospitalization reduced the probability of presenting AKI by 0.89. Regarding the origin covariate, although it was not considered significant, it was maintained in the model. This option occurred when it was verified that, with the presence of the same, the standard error of the others decreased, that is, this variable adjusted the model.
DISCUSSION
In the present study, the rate of PTNB with AKI was 7.5%, a value that is similar to most international studies that indicate a prevalence of AKI in neonates, ranging from 6.3% to 8.4% (7) (8) 11, 14) . It is worth mentioning that the great majority of the investigations that investigated the presence of AKI in the neonatal population did so without classifying the NB according to gestational age.
From the results analysis of this study, it was observed that the prevalence of AKI was more present in extreme preterm infants, that is, less than 28 weeks of gestational age and in PTNB less than 1,500 grams. It was also found that the use of MPV and non-nephrotoxic antibiotics are factors that increase the chance of prematurity having AKI. On the other hand, it was verified that to have more days of stay during hospitalization represented a protection factor in relation to AKI, that is, in this study, the longer the PTNB remained hospitalized, the lower the chances of developing AKI.
When looking to relate gestational age to the diagnosis of AKI, it was possible to verify that the highest prevalence of AKI was found among those prematurely classified as extreme (60%), that is, the lower the gestational age, the greater the risk caused by the immaturity of the systems. This finding can be confirmed by the literature, which establishes that preterm infants less than 28 weeks of age are more susceptible to the disease due to renal immaturity (12) . The lowest gestational age found in the investigated population was 22 weeks and 3 days, while the highest was 36 weeks and 6 days. Prematurity causes discontinuation of organogenesis, thereby impairing natural adaptation to extrauterine life, which may trigger immediate short-term and long-term repercussions (17) . Due to prematurity, the immature kidney is more exposed to the effects of hypoperfusion and high rates of vascular resistance. Thus, renal flow is considerably reduced in preterm infants, which increases the chance of this population presenting AKI as a result of renal ischemia (18) . It should be emphasized that renal immaturity, from the anatomical and physiological point of view, makes extrauterine life difficult, sometimes hampered by malnutrition, drug nephrotoxicity and other complications present during hospitalization (19) .
When comparing the two groups of preterm infants (PTNB), that is, a group formed by PTNB diagnosed with AKI and another group without this diagnosis, with regard to gestational age, it is possible to notice that AKI was more present in preterm infants with lower gestational age and also with low birth weight. The data from this study made it possible to infer that the lower the gestational age and the lower the birth weight, the worse the prognosis and the chances of the PTNB to develop AKI.
Low birth weight is defined as birth weight of less than 2,500 grams, which may result from Intrauterine Growth Restriction and/ or preterm birth. Both the PTNB and the NB with low birth weight present difficulties in the digestion process and lose more weight in the first days of life due to the lack of appropriate nutritional intake due to the immaturity of the digestive system. NB with low birth weight and gestational age less than 32 weeks present a high risk of renal diseases due to the reduced number of nephrons. Studies also indicate that these same infants are also more vulnerable to hypertension in adulthood (19) (20) .
Regarding the procedures related to resuscitation maneuvers, the implementation of such conducts was verified in 60% of NB with AKI. Among these, it was found that 33.3% were still intubated in the delivery room. It is noted in the present study that NB with AKI remained longer in the use of MPV when compared to NB without the pathology.
According to the literature, the reduced number of resuscitations in NB is considered a protective factor for the infant, since resuscitation can cause serious complications and damages, such as pneumothorax, hemothorax, liver and esophageal lacerations, rib fractures and hemorrhages, besides predisposing to the occurrence of long-term pathologies, such as bronchopulmonary dysplasia, retinopathy of prematurity and periventricular leukomalacia (21) . These data indicate the need for more attention on the part of the services that assist this population, since in the majority of the assistance situations in which more than half of the infants with AKI end up needing resuscitation, such maneuvers seem to be largely implemented in intensive care practice.
Literature also shows that renal and pulmonary injury may be interrelated in infants, since the kidney exerts a great influence on the systemic balance of cytokines, a group of proteins responsible for cell growth, and that renal ischemia causes systemic inflammation. Moreover, an inflammatory response occurs in other organs, especially in the immature lung. In addition, it is worth mentioning that PTNB in MPV presents hemodynamic instability, which impairs cardiac output and worsens renal perfusion (22) .
Regarding the length of stay variable, infants diagnosed with AKI were hospitalized for an average of 47.6 days, with a coefficient of variation of 92.97%. On the other hand, NB without the disease had an average of 26.39 days of hospitalization and a coefficient of variation of 85.72%. In addition, it was found that, with the increase in the days of hospitalization, the chances of the infant having AKI decreased. This episode could be explained by the fact that the longer the hospitalization time in a NICU, the longer the immature and fragile patient would be being assisted by the technological devices necessary for their survival, in addition to having a team trained and specialized staff ready to offer immediate and qualified care.
Contrary to these findings, a study conducted in Espírito Santo State revealed that length of hospital stay would be significantly associated with the appearance of skin lesions caused by prolonged use of CPAP. It was also observed that the lower the gestational age and the birth weight, the greater the chances for a prolonged hospitalization time due to the immaturity of the organs (23) . Another study carried out in São Paulo State with preterm infants showed that PTNB hospitalized for more than 34 days had delayed neuromotor development, in other words, the longer the hospitalization time for preterm infants, the greater the impairment of motor functions (24) .
PTNB are more prone to infections due to their immaturity. In these infants, immunity is impaired by decreased cytokine production, reduced neutrophils in the expression of adhesion molecules, and also by reduced response by chemotactic factors. Another important factor is the transplacental passage of antibodies, which starts from the second trimester of gestation, reaching maximum levels in the third trimester. As a consequence, preterm infants have a reduced humoral response, sometimes requiring the use of antibiotics (25) . In this regard, the results found in the present study demonstrated that the vast majority of PTNB with AKI made use of antibiotics, drugs known to cause toxic effects on the kidney, further damaging the immature kidney.
Study limitations
Among the limitations of this study, the limited number of the sample, combined with the incompleteness of the hospital records and the impossibility of collecting data regarding maternal health during pregnancy, are not included in the records of the PTNB. As a study with the use of medical records data as the main source of data, it was possible to highlight the various gaps and registry failures that still persist in our environment, which makes it difficult to evaluate the activities performed correctly and, consequently, the proposition of assertive corrective measures based on reliable clinical evidence.
In addition, in the case of a pre-term study, the maternal data analyzed were the data present exclusively on the NB's birth certificate, so it is understood that the lack of maternal data may be considered a limitation of the present research
Contributions to Nursing
The performance of this study made it possible to note the importance of investigations that have as motto the AKI in PTNB, since it is a clinical affront that has in this clientele a population of indisputable vulnerability and with potential for the establishment of unfavorable evolutions that include from sequels developmental stages to death.
Thus, the in-depth recognition of the factors involved in the development of this condition are important elements for proposing changes in practices aimed at reducing the high morbidity and mortality rates of the neonatal population.
In this setting, the results found contribute to nursing by bringing to the surface elements that outline the neonatal care context, from a point-of-view perspective and focused on the attention to PTNB who have AKI. Thus, it allowed a reflection on the behaviors currently adopted in the neonatology services in the care destined to this clientele. Thus, although it was not the focus of the study, the evaluation of neonatal care protocols, as well as nursing care in the administration of medications, requires special attention, indicating the need for future studies in favor of a care practice capable of preventing or reduce iatrogenies and, thus, qualify integral care in the setting of neonatal intensive care.
CONCLUSION
The present study brought to the center of the debates the importance of investigating AKI in PTNB, through the design of the variables responsible for its appearance in a specific care reality. Despite the typical limits of a localized study, the study was also able to outline how the neonatal intensive care for preterm infants is being implemented, from a very particular perspective, which were the cases diagnosed with AKI and its relation with clinical and care. This refers to the need of nursing and multidisciplinary teams to discuss and revise protocols and routines, such as the administration of antibiotics and the monitoring of ventilatory support, due to its association with the increased risk for the development of this disease.
Other studies that deal with the subject of AKI in neonatology, as well as other aspects of this complex reality of care that is the NICU, are necessary, in order to elucidate the remaining gaps in care, and in the sense of bringing scientific evidence that propitiates the proposition of improvements to routines currently installed.
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